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GENERAL 

The work t o  b e  descr ibed  is concerned with sa t e l l i t e  timing sys t ems  

tha t  would se rve  a l a rge  number of u s e r s .  This is in cont ras t  to other  

t ypes  of t i m e  sys t ems  tha t  involve a very small  number of u s e r s .  The 

work re ferenced  here  h a s  been  publ ished [ l r a l  or  is in t h e  p rocess  of 

. For t h o s e  who a r e  i n t e r e s t e d ,  copies may b e  obtained 

of t h e  publ i shed  mater ia l  upon r eques t .  This work h a s  been  supported by 

t h e  Air Force Cambridge Research Laboratory. 
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CURRENT PROGRAM 

The current s a t e l l i t e  t iming r e sea rch  program a t  t h e  Nat ional  Bureau 

of Standards (NBS) h a s  been in  progress for  about  four years  and is part 

of a cont inuing program to examine useful  ways of d isseminat ing  t i m e  and 

f requency ,  usefu l  meaning tha t  t h e  end product must be  app l i cab le  t o  a 

large number of u s e r s .  

The NBS goal i n  s a t e l l i t e  t iming h a s  been t o  obtain a re la t ive ly  in- 

expens ive  ! simple-to-operate , e a s i l y  understood s y s t e m ,  There should 

be a cons i s t ency  in  the  t iming s y s t e m  d e s i g n .  

obtained should  be  cons i s t en t  with the  cost, the  amount of effort expended ,  

and t h e  amount of t i m e  the  u s e r  must wai t  t o  obtain t h e  answer .  This 

general  approach is often d i s c u s s e d  in l i terature  dea l ing  with t i m e  d issem-  

ination in  gene ra l .  The usua l  t r adeof f s  d i s c u s s e d  a r e  between ambiguity 

and  p rec i s ion .  

That i s ,  the  accu racy  

* T i m e  and  Frequency Div i s ion ,  National Bureau of Standards I Boulder , 
Colorado 80302,  (303) 4 4 7 - 1 0 0 0 ,  E x t .  3278.  

-79- 



ENVIRONMENT DESIGN 

Experiments have  been conducted on the PJASA-ATS s a t e l l i t e s ,  t h e  

Lincoln Laborator ies  LES-6, and  the  military TACSAT s a t e l l i t e ,  a l l  of  

which were  i n  geos ta t ionary  orb i t s .  These  satellites operated a t  fre- 

quenc ie s  in  t h e  range of 100  to  300 M H z .  These  charac te r i s t ics  permit 

t h e  u s e  of re la t ive ly  smal l  "TV l ike"  a n t e n n a s .  

ment ioned,  t h e  s i g n a l  level was  high enough to produce a good s igna l -  

to -noise  ra t io  a t  t h e  rece iver .  

For e a c h  of the  s a t e l l i t e s  

The sys tem ope ra t e s  a s  fol lows.  The s a t e l l i t e  t ransponds  s igna l s  

s e n t  from t h e  mas te r  s ta t ion  and the  seve ra l  u s e r  s t a t ions  r ece ive  t h e  

s a t e l l i t e  s igna l .  Not ice  tha t  the  sa t e l l i t e  itself h a s  no  clock or oscil- 

l a to r  on board ,  it s imply retransmits  whatever  it r ece ives .  The s igna l  

t ransmi t ted  from t h e  mas ter  s ta t ion  is a s e r i e s  of s ine  wave tone  " b u r s t s .  'I 

T h e s e  a r e  sent a t  r a t e s  of 1 p p s ,  10 p p s ,  100  p p s ,  1000 pps and f inal ly  

a cont inuous tone  of 10 KHz. The u s e r  s ta t ion  r ece ives  t h e s e  t o n e s ,  

measu res  t h e i r  p h a s e  sh i f t  re la t ive to  der ived tones  from h i s  c lock ,and  

computes  t h e  t o t a l  de l ay .  

b l e  to compute the  clock difference.  

and  can be done repea ted ly  t o  ensure  accuracy .  The rece iver  equipment 

cost is es t imated  a s  $500.  

By subtract ing the  known path d e l a y ,  it is poss i -  

This en t i re  operation is very s imple 

The maximum ambiguity resolved is 1 p p s .  T'EI obtain t i m e  more 

c o a r s e l y ,  t h e  user n e e d s  to  know the  t i m e  t o  t h e  neares t  second (from 

W V  or other  method) .  The ambiguity could e a s i l y  b e  reso lved  by  us ing  

t h e  s a t e l l i t e  to re lay  voice  announcements  of minutes ,  hours , and d a y s .  

The l imiting factor  i n  t iming accuracy  is a knowledge of t h e  to t a l  

sys tem de lay .  The motion of even a geostat ionary sa t e l l i t e  is l a rge  

enough to  c a u s e  s igni f icant  t iming errors .  
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The sa t e l l i t e  timing error contributed by l ack  of knowledge of e x a c t  

Sa te l l i t e  posi t ion can b e  very l a r g e .  T o  comp1d.t~ its posit ion , the  s a t e l l i t e  

orbi ta l  e lements  should be u s e d .  Most  s a t e l l i t e s  a r e  "ranged" by the i r  

respective operating agencies a t  frequent in te rva ls  , but unfortunately,  
exper ience  h a s  shown u s  tha t  (except in  spec ia l  c a s e s )  m o s t  s a t e l l i t e  

pos i t ions  a r e  not known with suf f ic ien t  accuracy  for t h e  needs  of t i m e  

d i s semina t ion .  Several  methods have  been tr ied t o  circumvent t h i s  

problem. 

checked  immediately a f t e r  a ranging measurement and the  da i ly  inc rease  

in  error h a s  been not iced from t h a t  t i m e  unt i l  t h e  next  range measurement .  

Two, t h e  t iming s t a t ions  have  been  u s e d  a s  a point where t h e  t i m e  is 

known and  the r e su l t s  f rom t h e  t iming s igna l s  u sed  to  " range"  t h e  s a t e l -  

l i t e  have  produced grea t  s u c c e s s .  By t h i s  second method of subsequent  

timing measurements ,  t h e  r e su l t s  a r e  much improved. 

O n e ,  t h e  t iming accu racy  of t h e  sys t em h a s  been carefully 

The s t a t ions  used  in the  NBS experiments  were in  Massachuse t t s :  

Boulder, Colorado; Ohio; and South America. Each s ta t ion  maintained 

accu ra t e  t i m e  using a ces ium s tandard .  Under the  b e s t  condi t ions , t h e  

r e su l t s  approached a n  accu racy  of 40  psecs. 

had not been  ranged for some w e e k s ,  t h e  accuracy  was  about  150 secs. 

Ho'dvever, when t h e  sa t e l l i t e  

r 
PLANS FOR FUTURE SERVICE 

Based upon what h a s  been  learned  from experiments  to d a t e ,  NBS 
h a s  concluded tha t  a s a t e l l i t e  t iming se rv ice  is ?oss ib l e  in  a few y e a r s .  

This s e r v i c e  would m e e t  t he  cr i ter ia  mentioned -- simple operat ion,  low 

u s e r  c o s t ,  and a n  acau racy  of about  10 s e c s .  The customer would be 

expec ted  t o  have  receiving equipment ,  a divider with coherent ou tpu t s ,  

and an  osci l loscope:  t h e  operat ion would m o s t  l ike ly  be  manual .  

it were poss ib l e  t o  use voice t ransmiss ion  over  the  s a t e l l i t e ,  the  problem 

of t i m e  ambiguity could be reso lved  by sending time announcements ,  s i m -  

i lar  t o  t h o s e  of W W V .  

r 
If 
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S UM MA RY 

The work desc r ibed  here h a s  shown that  a s a t e l l i t e  t iming s y s t e m  

c a n  b e  implemented a t  very low user c o s t .  The b e s t  accuracy  obtained 

is about  4 0 r s e c s .  This figure can be improved by a s imple and  pract ical  

modification of t h e  s tandard  t echn ique .  Mos t  important , t he  u s e r  cost 

and  t i m e  involvement is proportional t o  t h e  accu racy  requirement .  Thus , 

t h e  recent  experiments  a t  t he  NBS on VHF/UHF s a t e l l i t e  t iming ind ica t e  

t h a t  a future se rv i ce  is both poss ib l e  and prac t ica l .  
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